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1MTROL)UCTION 

The Hydraulic Power Management U n i t  (HPMU) w a s  designed 

and developed under NASA Contract  #8-28483 by t h e  Bertea 

Corporation, 

of J u l y  and December, 1972. 

The u n i t  w a s  designed between the pe r iods  

The HPMU is e s s e n t i a l l y  two i d e n t i c a l  s e l e c t o r  vaqve 

systems of three s l i d e  va lves  each. Four hydrau l i c  

systems a r e  suppl ied t o  t h e  HPMU and the u n i t  p rovides  

t w o  hydrau l i c  outputs.  I n  t h e  event  tha t  e i ther  o r  

both of t h e  two primary i n p u t  h y d r a u l i c  systems f a i l ,  

the HPMu au tomat ica l ly  switches t h e  secondary standby 

hydrau l i c  systems to  provide ou tpu t  h y d r a u l i c  power, 

T h i s  r e p o r t  inc ludes  drawings, schematics,  systems 

a n a l y s i s  and c a l c u l a t i o n s ,  and performance tes t  d a t a  

t o  f u l f i l l  the c o n t r a c t u a l  requirements.  

- -. -- ---__. 
Form 310-01 

DESIGN CONCEPT AND.DISCUSSION 

SCOPE OF WORK 

Bertea Corporat ion has designed, f a b r i c a t e d ,  and de l ive red  

one pro to type  Hydraulic Power Management Uni t  (HPMU) f o r  
. 

NB-SII, George C. Marshall Space F l i g h t  Center ,  Marshall  

Space F l i g h t  Center, Hun t sv i l i e ,  A l a b a m a .  Ths purpose 
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TITLE F I N A L  REPORT - HPMU 

2.0 DESIGN CONCEPT AND DISCUSSION (Continued) 

2.1 SCOPE O F  WORK (Continued) 

of  the HPMU i s  to  serve as an i n t e r f a c e  between four  

hydrau l i c  pumps and four  se rvo  a c t u a t o r s  i n  o rde r  t o  

provide hydrau l i c  power redundancy f o r  t h e  se rvo  

a c t u a t o r s ,  
/ 

2.2 HPMU REQUIRElviENTS 

The b a s i c  requirements f o r  t h e  pro to type  hydrau l i c  

power management u n i t  w e r e  a s  follows: 

2.2.1 

2.2.2 

NORMAL OPERATION 

Four pumps connected t o  four  i n d i v i d u a l  s e rvo  a c t u a t o r s .  

F A I L E D  PUMP CONDITION 

Shutoff  a pump when p re s su re  drop (pressure  t o  r e t u r n )  

is less than  1500 ps ig ,  Diver t  se rvo  a c t u a t o r ,  which w a s  

connected t o  the f a i l e d  pump, t o  one of  the remaining 

t h r e e  pumping systems, Sequence of shu to f f  and reconnec- 

t i o n  t o  be accomplished i n  less  than .060 seconds. 

2.2.3 SERVO ACTUATOR SHUTDOWN CONDITION . 
Ind iv idua l  remote con t ro l l ed  shu to f f  va lves  t o  be provided 

f o r  each se rvo  ac tua tor .  When an a c t u a t o r  i s  s h u t o f f ,  i t s  

p r e s s u r e  and r e t u r n  l i n e s  a r e  t o  be in te rconnec ted  t o  

form a p i s t o n  by-pass pa th .  



- DESIGN CONCEPT AND DISCUSSION (Continued) 

HPMU REQUIREMENTS (Continued) 

I NTE F!S YS TEM RE Q U I  REMENTS 

Mixing of hydrau l i c  f l u i d  from one system t o  another  

system i s  n o t  permit ted.  (Lapped leakage on spool  

va lves  permit ted.)  
\ 

MECHANlCAL REQUIRZMENTS - 

F l i g h t  hardware r e s t r a i n t s  t o  be u t i l i z e d  i n  the  

des ign  and constructkon of  t h e  u n i t .  S i ze ,  weight,  

and environmental c a p a b i l i t i e s  w e r e  t o  be considered. 

CONCEPTUAL DESIGN 

The Hydraulic Power Management Unit  c o n s i s t s  of :  

1. Two main pump s e l e c t o r  spool  valves .  

2. Four remote operated shu to f f  and by-pass valves  

3.  Housing 

The u n i t  w a s  designed i n  accordance w i t h  NASA Drawing 

50M25430. Design concept and i n s t a l l a t i o n  for  the u n i t  

is shown on B e r t e a  Drawing 225700. The u n i t  has been 

designed f o r  a maximum pres su re  drop of 250 psig with  

200 gpm flowing through t h e  u n i t .  

- 

- 
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2.0 DESIGN CONCEPT A?W DISCUSSION - (Continued) 

2.3 CONCEPTUAL DESIGN (Continued) 

2.3.1 PUMP SELECTOR. SPOOL VALVES 

The pump selector spool va lves  are l a p - f i t t e d  spool 

and s l eeve  va lves  and a r e  spr ing-detented t o  c e n t e r  

225700 

DATE REV. 

by caged spr ings .  A d i f f e r e n t i a l  p r e s s u r e  between 

two pumping systems of 1450 p s i g  w i l l  overcome t h e  

s p r i n g  p re loads  and s ta r t  the spool  t o  s h u t t l e .  

When d i f f e r e n t i a l  p ressure  reaches  1500 p i g .  The 

spool  w i l l  be s h u t t l e d  hardover.  Whenever the systems 

d i f f e r e n t i a l  p ressures  are less than 1500 p s i g ,  t h e  

caged sp r ing  w i l l  r e t u r n  t h e  spool t o  cen te r .  The 

spool  i s  made f r o m  440C S t a i n l e s s  Steel  and heat 

t r e a t e d  t o  RC 58-62. Each s e l e c t o r  spool  valve w a s  

s p l i t  a t  the center f o r  ease or' manugacturing. 

2.3.2 REMOTE SHUTOFF AND BY-PASS VALVE 

The  remote shu to f f  ,and by-pass va lve  c o n s i s t s  o f  a 

s p r i n g  loaded spool valve and a two-way microsea l  

ty,pe so l eno id  valve wi th  an upstream o r i f i c e .  The 

valve w a s  s e t  t o  s h u t t l e  t o  the c y l i n d e r  by-pass 

mode when t h e  pressure  i n  t h e  spool chamber between 

the f i x e d  o r i f i ce  and so leno id  va lve  decays t o  

approximately 100 p s i q .  The f ixed  Orif ice  is a 
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DESIGN CONCEPT AND DiSCUSSIOX (Continued) 

CONCEPTUAL DES I GN (Continued) 

REMOTE SHUTOFF AND BY-PASS VALVE (Continued) 

Lee-Jet wi th  f i l t e r  sc reen  f o r  contamination p r o t e c t i o n ,  

The spool and s leeve i s  made from 440C S t a i n l e s s  Steel  

RC 58-62. The solenoid valve i s  a s tandard  Bertea u n i t  

which w a s  b u i l t  and q u a l i f i e d  f o r  use on t h e  C-5A a i r p l a n e  

f l i g h t  c o n t r o l  system, 

/ 

HOUSING 

The housings w h i c h  con ta in  a l l  six of the spool  va lves  

and four  so lenoid  valves a r e  made from aluminum bar 

s tock  2024-T651. 

TEST PROGRAM AND RESULTS 

TEST REQUIREMENTS 

The t e s t  program accomplished on t h e  Hydraulic Power 

Management Uni t  cons i s t ed  of  the fol lowing tests. 
I 

PRESSURE DROP VS. FLOW 

pres su re  drop vs, f l o w  tests on each conponent w i l l  

be run. Data w i l l  be u t i l i z e d  t o  e x t r a p o l a t e  t h e  

corresponding p res su re  drop a t  200 gpm. 

. 

--I-p 

~~~ ~~ ~~ 
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TEST PROGRAM A!XD RESULTS (Continued) 

TEST REQUIREMENTS (Continued) 

RESPONSE TIME AND SHUTTLE PRESSURE 

T5e response t i m e  to s w i t c h  one f a i l e d  servo a c t u a t o r  

pumping u n i t  w i l l  be run,  

i n g  p res su re  l e v e l s  s h a l l  be measured. 

Ind iv idua l  ccmpcment s w i t c h -  

/ *  

NOFUUL SYSTEM OPEWlTiON 

Normal system opera t ion  s t a r t i n g  wi th  a l l  four  ?urnping 

systems shutdown, then s t a r t e d ,  shutdown, and res tar ted 

s h a l l  be checked i n  o rde r  t o  i n s u r e  t h a t  erroneous f a i l u r e s  

cannot  occur , 

REMOTE SHUTQFF 

The remote shu to f f  and by-pass va lve  s h a l l  be checked f o r  

response t i m e  and pressure  drop i n  t h e  by-pass mode. 

- 

TEST SETU?S 

PRESSURE DROP VS. FLOW TESTS 

The tes t  se tups  for acconiplishment of t h e  p r e s s u r e  drop 

vs, flow t e s t s  f o r  t h e  HPMU is shown Figures  3-1 

and 3-2.  

~~ 

Form 310-01 
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3.0 

3.2 

3.2.2 

3.2.3 

3.2.4 

3.2.5 

3.3 

3.3.1 

TEST PROGRAM AND RESULTS (Continued) 

TEST SETUPS (Continued) 

FAILURE SWITCHING AND RT3SPONSE TIMES 

The t e s t  setups fo r  accomplishment of the s h u t t l e  va lve  

swi t ch ing  due t o  loss of v o l t  system pressure and the 

t i m e  response  f o r  switching is shown i n  F i g u r e s  3-3 

and 3-4. 

NORlGiL SYSTEM OPERATION 

T e s t  s e t u p  shown i n  F igu re  3-1. 

BY-PASS VALVE OPERATION 

The tes t  setup for the by-pass va lve  o p e r a t i o n  is shown 

in Figure  3-3 and 3-4. 

PROOF PRESSURE 

The proof  p r e s s u r e  setup is  shown i n  F igu re  3-5. 

TEST RESULTS 
d 

PRESSURE DROP VS, FLOW TESTS 

The graphs i n  F igures  3-7 through 3-10 s h o w  the pressure 

drop vs. f l o w  tes t s  for  t w o  complete systems. m 

- 
Form 31.0-01 ~~ 
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3.0 TEST PROGEiAM AND RESULTS (Continued) 

3.3 T E S T  RESULTS (Continued) 

3.3.2 RESPONSE TIME AND SHUTTLING PRESSURE 

The response t i m e s  and s h u t t l i n g  p r e s s u r e s  f o r  the 

main s h u t t l e  valves  are shown on the d a t a  sheet i n  

Figure 3-11. 
/ '  

3.3.3 NORMAL SYSTEM OPERATION 

The u n i t  w a s  operated normally wi thout  any i n d i c a t i o n  

of f a i l u r e s .  

3.4 

3.5 

BY-PASS VALVE OPE=-TION 

The so lenoids  were ac tua t ed  with 110 VAC s u c c e s s f u l l y  

t o  cause a by-pass condi t ion  on the r e s p e c t i v e  pump 

loads.  I n i t i a l l y  a l l  l oads  w e r e  by-passed u n t i l  a 

pump pres su re  of 100 p s i g  occurred w h i c h  a c t u a t e d  the 

by-pass va lves  t o  allow normal. system opera t ion .  

PROOF PRESSURE , 

The u n i t  w a s  p re s su r i zed  a t  4500 p s i g  f o r  three minutes. 

The unit w a s  s u c c e s s f u l l y  opera ted  a t  the completion o f  

the t e s t  wi thout  any evidence of performance degradat ion.  

. 
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225700 
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PAGE 

DATE 7-20-73 DATE 

TITLE F I N A L  REPORT - HPMU 

SYSTEM NUMBER 

#1 

#2 

#3 

#4 

SHUTTLING 
RESPONSE TIME PmssuRE 
(MILLISECONDS ) (PSIG) 

5 4 - 0  

62-0 

58.0 

67.0 

FIGURE 3-11 

DATA SHEET - W S P O N S E  TIME 
AND SIIUTTLING PRESSURES 

.I 

1540 

1470 

1490 

1530 

. 
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TITLE F I N A L  IIEPORT - HPMU 

4.0 FAILURE MODE AND EFFECT ALUALYSIS 

A F a i l u r e  Mode and E f f e c t  A n a l y s i s  f o r  the H y d r a u l i c  

Power Management U n i t  i s  presented herein. R e f e r  t o  

the schematic i n  Figure 4-1 for  

nomenclature.  

FAILURE 
ITEM FAILURE" 

1 SYSTEM PRESSURE #1 
DROPS BELOW IS00 PSI 

2 

3 

4 

S Y S T E I  PRESSURE #2 
DROPS BELOW 1500 PSI 

SYSTEM PRESSURES #1 
AND #2 F A I L  (ONE 
OR THE OTHER F A I L S  
FIRST) 

O R I F I C E  #I PLUGGED 

, 

5 O R I F I C E  #2 PLUGGEIj 

6 SOLENOID #1 F A I L S  
OPEN 

the var ious  i t e m s  o r  

EFFECT 

SHUTTLE SELECTOR VALVE 
SHUTTLES, BLOCKS SYSTEM 
#1 AND CONNECTS SYSTEM 
#2 TO LOAD NORMALLY ON 
.SYST'SM #1 

\ 

SAME AS ABOVE EXCEPT 

SYSTEM #1 C0,WECTEI) TO 
LOAD NORMALLY ON SYSTEM 

SYSTEM #2  BLOCKED AND 

#2 

SELECTOR VALVE, OXCE 
SHUTTLED RECENTERS I T S E L F  
SUCH THAT BOTH SYSTEMS ARX 
RECOmlE C TE D 

LOOKS LIKE SYSTEM #L 
FAILURE. SHUTTLE VALVE 
SHUTTLES TO CONNECT LOAD 
ON SYSTEM #1 TO SYSTEM #2 

BY-?ASS V A L W  SHUTTLES TO 
PUT LOAD ON SYSTEM #1 I N  
BY-PASS MODE . 
BY-PASS VALVES FOR SYSTiEr6 
#I R E M A I N S  I N  9Y-PASS MODZ 
FOR LOAD ON SYSTEM 91 

7 SOLENOID ?+I FAILS 
CLOSED 

BY-PASS VALVE CPSKOT i3E 
ACTUATED TO PRGITLEE PY-PASS 
MODE FOR LOAD ON SYSTEX. +l 
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4.0 FAILURE MODE AND EFFECT ANALYSIS ( C o n t i n u e d )  

REV .\ 
2 2 5 7 0 0  

DATE REV. 

FAILURE 
ITEM 

8 

- 

9 

10 

11 

12 

13 

14 

15 

TITLE F I N A L  REPORT - HPMU 

FAILURE 

SPRING #1 F A I L S  OR 
BREAKS 

SPRING #3 F A I L S  OR 
BREAKS 

SPRING #2 F A I L S  OR 
BREAKS 

SPRING #4 F A I L S  OR 
BREAKS 

O R I F I C E  #3 PLUGGED 

O R I F I C E  #4 PLUGGED 

SOLENOID # 2  F A I L S  
OPEN 4 

SOLENOID #2 F A I L S  
CLOSED 

SHUTTLE SPOOL WILL JAM 
OR BE CAPABLE OF SHUTTLING 
AT SOME PRESSURE HIGHER 
THAN THE DESIGN REQUIREMENTS 

SHUTTLE SPOOL WILL JAM 
OR BE CAPABLE O F  SHUTTLING 
AT SOME PRESSURE HIGHER 
THAN THE DESIGN REQUIREMENTS 

BY-PASS SPOOL NOT CAPABLE 
O F  BY-PASSING LOAD WHEN 
SOLENOID VALVZ I S  ENERGIZED 

BY-PASS SPOOL NOT CAPABLE 
O F  BY-PASSING LOAD WHEN 
SOLENOID VALVE,' I S  ENERGIZED 

LOOKS L I K E  SYSTEM # 2  FAILED. 
SHUTTLE VALVE SHUTTLES TO 
CONNECT LOAD ON SYSTEM #2 
TO SYSTEM #1 

BY-PASS VALVE SHUTTLES TO 
PUT LOAD ON SYSTEM #2 I N  
BY-PASS MODE 

BY-PASS VALVE FOR SYSTEM #2 
REMAINS I N  BY-PASS MODE FOR 
LOAD ON SYSTEM #2 

BY-PASS VALVE FOR SYSTEM #2 
CANNOT BE ACTUATED TO 
PROVIDE BY-PASS OPERATION 
FOR LOAD ON SYSTEM #2 
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4.0 FAILURE MODE AND EFFECT ANALYSIS ( C o n t i n u e d )  
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REV. 
DATE 

FAILURE 
ITEM FAILURE 

16 & W I N  SHUTTLS V A L E  
JAMMED S L I D E  

1 7  BS- PAS S VALVE 
J r W D  SLIDE I N  NON 
BY-PASS P O S I T I O N  

18 BY-PAS S VALVE 
JAMMEIj S L I D E  I N  
BY-PASS P O S I T I O N  

E F F E C T  

VALVE F A I L S  TO SHUTTLE, 
LOSS O F  BOTH PRIMARY 
AND SECONDARY SYSTEMS 

FAILURE CONSIDE€UZD 
IMPROBABLE BECAUSE 
MINIMUM DRIVING FORCE 
I N  500 POUNDS 

F A I L E D  SYSTEM DOES NOT 
3Y-PASS 

OPERATING SYS,TEM BY- PASSED 

FAILURE IMPROBABLE 
MINIMVM D R I V l N G  FORCE 
I S  6200 POUDTIX 

_- -- 
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O R I F I C E  #1 L "I... X M P  PUMP 
T.\.*..r\ 

SE-LUT'i'LE S FOOL 

O R I F I C E  #2 

1 I I I I LOAD LOAD LOAD LOAD 
PRESSURE RETZTRli l  PRESSURE RETURN 

I 1 2 2 

/ BY-PASS SPOOL 

SPRING #i S P R I N G  #4 

- S P R I N G  #3 

-ORIFICE #4 

---SOLENOID - R2 

. 


